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($L\sim$ Km) $(\eta\sim\mu \mathrm{m})$ . $-$
, (Fully Developed Turbulence,
FDT) . ,
– .
, (Monin and Yaglom 1975).
Kolmogorov (1941) . 2 , FDT
. 1 , $\overline{\epsilon}=\langle\epsilon\rangle$ $\nu$
$\delta u(r)=u(x+r)-u(x),$ $r\ll L$ – .
$\eta=(\nu^{3}/\overline{\epsilon})^{1/4}$ , $\delta u$ $P$
$F_{\mathrm{p}}(x)$ $\langle|\delta u(r)|p\rangle=(\overline{\epsilon}\nu)^{\mathrm{P}}/4F_{p}(r/\eta)$ . 2 , $\eta\ll r\ll L$
( ) $\nu$ . ,
( $|\delta u(r)|^{\mathrm{P}}\rangle\propto(\overline{\epsilon}r)^{pI}(3$ . , $P=2$
(Kolmogorov spectrum)
$E(k)=K\overline{\epsilon}^{2//3}k3-\mathrm{s}$ (1.1)
, ..\supset . $K$ $K=1.62\pm$
$0.17$ (Sreenivasan 1995).
, Kolmogorov spectrum Navier-Stokes
, (Monin and Yaglom 1975, Orszag 1977).
Zero-4th cumulant theory (Milhhonshtchikov 1941, Proudman 1954, Tatsumi 1957),
Direct Interaction Approximation (DIA, Kraichnan 1959), Modified Zero-4th cumulant theory (Tatsumi
et al. 1978) 2 2 , Lagrangian Histroy DIA (LHDIA,
Kraichnan 1965, 1966), Lagrangian Renormalized Approximation (LRA, Kaneda 1981, 1986)
2 2 , Kolmogorov spectrum
. LRA $K=1.72$ , 1 ,
Kolmogorov spectrum (Gotoh




















and Orszag 1993). ,
Navier-Stokes
,
Fig 1 1 $\overline{\epsilon}^{-2/3}k^{\mathrm{s}}/3E11(k)$ . ,LRA kb (Gotoh et al.
1988). ,
,
. , , Kol-
mogorov spectrum , ,
, LES SGS ,
(Adzhemyan 1999, Zhou et al. 1997).
FDT 1970 ,
.
Forster, Nelson&Stephen (FNS, 1976, 1977) . Ma&Mazenko (1975)
Navier-Stokes .
FNS , FNS .
, ,





$u(k, \omega)=\int d^{d}X\int dtu(X, t)e-i(k_{X}-\omega t)$ , (2.2)
$u(x,t)=. \frac{1}{(2\pi)^{d+1}}\int_{k\leq\Lambda}d^{d}k\int d\omega\tau\iota(.k,\omega)ei(k_{X}-\omega t)$ (2.3)
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. $k\leq\Lambda$ . Navier-Stokes
$(-i \omega+\nu 0k2)u_{l}(k,\omega)=\lambda_{0lmn}M(k)\int_{p}\Omega ku_{m}(p, \Omega)u_{n}(-p,\omega-\Omega)+fi(k,\omega)$ , (2.4)
$M \iota_{mn}(k)=-\frac{i}{2}(kmP\iota n(k)+knP\iota m(k))$ , $\int_{p\Omega}\equiv\int d^{d}p\int_{-\infty}\infty d\Omega$ (25)
. $\nu_{0}$ , $\lambda_{0(=1)}$ . $f(k, t)$ $0$
$\langle f_{i}(k,\omega)fj(k’,\omega’)\rangle=2F_{0}(k)P_{j}\dot{\}(k)\delta(k+k’)\delta(\omega+\omega’)$ (2.6)
Gauss . $F_{0}(k)$ ,
,
$\int F_{0}(k)d^{d}k=\overline{x},$ $F_{0}(k)=D0k-y$ (2.7)
(Yakhot &Orszag 1986) 1. .
, $(k>\Lambda/b)$
. , $\Lambda$
, $\Lambda$ 2. (2.3)
. $(e^{-\downarrow}\Lambda\equiv)\Lambda’<|k|\leq$ $-$ ,
$A(k,\omega)$ , $\text{ ^{}\prime}<k\leq\Lambda$ $A^{>}(k,\omega)$ $k\leq\Lambda’$
$A^{<}(k, \omega)$ :
$A(k, \omega)=A^{<}(k,\omega)+A^{>}(k, \omega)$ . (2.8)
. \langle .
1. $u^{<}(k, \omega)$ $u^{>}(k,\omega)$ .
2. , , , $-’\mathrm{s}$ .
$u^{<}(k, \omega)$ , $u^{>}(k,\omega)$ .
$u^{>}(k,\omega)$ $\lambda$ , $\tau\iota^{>}(k, \omega)$ $f^{>}(k,\omega)$ $u^{<}(k,\omega)$
. $u^{<}(k,\omega)$ $u^{>}(k, \omega)$ , $f^{>}(k,\omega)$
$A’<k\leq\Lambda$ . , $u^{<}(k, \omega)$
. , $f^{<}(k,\omega)$ .
, \langle
. Navier-Stokes
( ) . $\partial u^{<}/\partial t$
1 .
2.1
$u^{<}(k, \omega)$ Navier-Stokes (2.4) ,
$u_{i}^{<}(k, \omega)=cij(0k,\omega)f_{j}<(k,\omega)+\lambda_{0}c^{0}ij(k,\omega)Mjlm(k)\int_{p}\Omega)[u_{m}<(p,\Omega)u_{n}<(k-p,\omega-\Omega$
$+2u_{m}^{<}(p, \Omega)u,(>k-p,\omega-\iota\Omega)+um>(p, \Omega)u_{n}>(k-p,\omega-\Omega)]$ ,
(2.9)
$G_{ij}^{0}(k,\omega)=(-i\omega+\nu_{0}k^{2})-1P_{i}j(k)\equiv c0(k,\omega)Pij(k)$ (2.10)
1 $\overline{\epsilon}$ , $\epsilon$ $\overline{\chi}$ .
2 $\Lambda=1/a$ , .




$\Leftrightarrow G_{0(k,\omega)}^{<}$ , $-^{\underline{k,\omega}}\Leftrightarrow u^{<}(k,\omega)$ ,
$-^{k,\omega}$
$\Leftrightarrow c_{0(k,\omega)}^{>}$ , $\mathrm{R}^{k,\omega}$ $\Leftrightarrow u^{>}(k,\omega)$ ,
–0 $\Leftrightarrow f(k,\omega)$ , $k,$ $\omega\prec_{q,\omega_{2}}^{p,\omega_{1}}\Leftrightarrow\lambda M_{i\iota_{m}}(k)I_{p}\Omega^{\cdot}$
Fig 2 . vertex ,
$(k=p+q)\omega=\omega 1+\omega 2)$ .
$=,=\backslash -+-\ll+\mathit{2}-\ll+-\mathrm{q}$
Fig 3 . $(\mathrm{a})u^{\mathrm{Y}}$ Fig.4 $f’$
, $(\mathrm{b})u^{>}$ , $(\mathrm{c})u^{>}$ $u^{<}$ .
. $u^{>}(k, \omega)$ , $u^{<}(k,\omega)$ , $u^{>}(k,\omega)$
$\lambda$ (2.9) .
. 2 . $0$
$G_{0(k,\omega)}^{<},$ $2$ $u^{<}(k,\omega)$ , ,
$\Lambda’<k\leq$ . , $f(k,\omega)$ , vertex, $\lambda M_{ilm}(k)\int_{p}\Omega$ , , vertex
, $(k=p+q,\omega=\omega_{1}+. \omega_{2})$ 3.
, (2.9) $3(\mathrm{a})$ , $u^{>}(k, \omega)$ $3(\mathrm{b})$ .
$3(\mathrm{b})$ $3(\mathrm{a})$ $u^{>}$ , $O(\lambda^{2})$ $3(\mathrm{c})$ . , $\Lambda’<k\leq\Lambda$
$f^{>}$ . $f$ Gaussian $0$ ,
. $\lambda$ 3 4 4. 2
, 3 . ,
4 4 (a2) 8 (c1) . $u^{<}$
$(-i\omega+\nu_{0}k^{2})=G_{0i}^{-1}i/(d-1)$ ( –
),
$\{(-i\omega+\nu 0k2)\delta lm+\lambda_{0}2_{\Sigma lm}(k,\omega)\}u^{<}(mk,\omega)=\lambda 0M_{\mathrm{t}m}n(k)\int_{p}\Omega ku_{m}^{<}(_{\mathrm{P}}, \Omega)u^{<}(n-p, \omega-\Omega)$
$+ \lambda_{0}^{3}\int_{p,q,\omega,(}\tau_{\iota m_{1}}n_{D}(k,p, q, \omega,\omega_{1},\omega_{2})u_{m}^{<}(p,\omega 1)u^{<}(nq,\omega_{2}2)+f_{l}^{<}(k,\omega)$ (2.11)
. $\Sigma_{ij}$ 4 (a1) $q=k-p$
$\Sigma_{ij}(.k,\omega)=4\lambda^{2}0\int\Lambda’<p,q\leq pdd\Lambda\int_{-\infty}^{\infty}d\Omega K_{0}(p, q,\omega, \Omega)M_{i}\downarrow m(k)P\iota b(p)Pma(q)Mab_{\mathrm{C}}(q)P_{cj}(k)$
3 Ma &Mazenko(1975) . Feynman diagram $\mathrm{L}_{\mathrm{V}\mathrm{O}\mathrm{V}}$
’ &
Procaccia(1994) . Nakano&Tanaka (1981) .
4 $3(\mathrm{b})$ (c) $\lambda$ 3 .
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$= \frac{\lambda_{0}^{2}}{(2\pi)^{d+1}}k^{2}\int_{\Lambda q},<p,\leq\Lambda\int_{-\infty}ddd\Omega Hp\infty ij(k,p)K0(p, q,\omega, \Omega)$ , (2.12)
$K_{0}(p, q, \omega, \Omega)=\frac{2F_{0}(p)}{(-i(\omega-\Omega)+\nu_{0}q2)(\Omega 2+\nu_{0}^{2}p)4}$ , (2.13)
$H_{ij}(k,p)=(1-z^{2})P_{ij}(k)-2 \frac{p^{2}y}{kq}\Delta_{ij()}k,p$ , (2.14)
$\Delta_{ij}(k,p)=\frac{p_{i}p_{j}}{p^{2}}-\frac{z}{kp}(p_{i}kj+kip_{j})+z^{2}\frac{k_{i}k_{j}}{k^{2}}$ (2.15)
. $x,$ $y,$ $z$ $p_{i}q_{i}=Pqx$ , $qiki=qky,$ $k_{ip_{i}pz}=k$ 5.
$\Gamma_{lmn}(k,p, q,\omega,\omega 1, \omega 2)=\Gamma_{\iota lmn}+\Gamma(2)+(mn1)\tau_{\iota m}^{(3)}n$ (2.16)
4 (b1), (b2), (b3) ,
. , $\Sigma_{ij}(k, \omega)$ $\nu$ $k^{2}\delta\nu_{ij}$
. (2.12) ,
. $\Gamma$ $\lambda$ $\delta\lambda$ . , $\delta\lambda=0$
6. (2.12) $\Omega$ .
$(k,\omega)$ $\Sigma_{ij}\langle k,$ $\omega$) . $k\ll\Lambda’$ ,
$\omegaarrow 0$ . , $-J\mathrm{s}1/k$ $\Lambda’<p,$ $q\leq\Lambda$
$\Sigma_{ij}(k)$ , $\Sigma_{ij}(k)=k2\delta\nu(k)P_{ij}(k)$ 7, (2.12)
$\delta\nu(k)=\frac{\Sigma_{ii}(k)}{(d-1)k^{2}}=\frac{1}{(2\pi)^{d}(d-1)}\frac{\lambda_{0}^{2}D_{0}}{\nu_{0}^{2}}\int_{\Lambda’<p},qddp\leq\Lambda\frac{H(k,p)}{p^{2+22}y\mathrm{r}_{pq)}\backslash +}$ , (2.17)
$H(k,p)= \frac{(1-Z^{2})}{q^{2}}((d-1)k^{22}-2(d-1)kpZ+(d-3)p+2\frac{p^{3}z}{k})$ . (2.18)
, $k$ $(p, q)$
(Nakano 1992) . $k\ll\Lambda’\ll$ . $d$
$d^{d}p=A_{d-1}(1-Z^{2})^{\frac{d-3}{2}} \frac{qp^{d-2}}{k}dpdq$, $A_{d}= \frac{2\pi^{d/2}}{\Gamma(d/2)}$ (2.19)
, $p/k=u,$ $q/k=v,$ $v=u+\xi$ $\xi/u(\ll 1)$
. . $\delta\nu$ (2.11) v
$\nu_{I}=\nu_{0}(1+\overline{\lambda}_{0\frac{e^{\epsilon l}-1}{\epsilon}}^{2)}\overline{A}_{d}\Lambda^{-}\epsilon$ , (2.20)
$\overline{\lambda}^{2}=\frac{\lambda_{0}^{2}D_{0}}{\nu_{0}^{3}}$ , $\overline{A}_{d}=\frac{A_{d}}{(2\pi)^{d}}\frac{d^{2}-d-\epsilon}{2d(d+2)}$, (2.21)
$\epsilon=y+4-d$ (2.22)
. $I$ .
, $3(\mathrm{c})$ $0$ , ’ $<k\leq\Lambda$
. . $\tau\iota^{<}$
. $3(\mathrm{c})$ 5 . 1
5 $\text{ _{ }\mathrm{A}^{\mathrm{a}}}\text{ }$ –i-F$=\mathrm{r}\overline{\pi}\hslash l$ $\text{ }$ Bf , FNS (1977) $Parrow P+k/2$ ,
. .
6 ff $\mathrm{t}$) $\triangleright\tau$ , $\lambda=1$ $\lambda$ $0$ (Nakano &Tanaka
1981).





Fig 5 $\langle f^{<}f^{<}\rangle$ .
.
$f^{<}$ , 2 $3(\mathrm{c})$ 4 . 5





8. $k\ll\Lambda$ $\delta F_{i\mathrm{j}}(k)=k^{-y}\delta D(k)P_{ij}(k)$ , $\delta\nu(k)$
$D_{I}(k)=D_{0}(1+\overline{\lambda}_{0^{\overline{C}_{d}}}^{2-}\Lambda\beta k^{y}+2_{\frac{e^{\beta l}-1}{\beta}})$ , (2.25)
$\overline{C}_{d}=\frac{A_{d}}{(2\pi)^{d}}\frac{d^{2}-2}{2d(d+2)}$ , $\beta=\epsilon+y+2$ (2.26)
. $\lambda$ $(\delta\lambda=0)$
$\lambda_{I}=\lambda_{0}$ . (2.27)
, $k\ll\Lambda’,\omegaarrow 0$ $\Lambda’<k\leq\Lambda$ ,
. .
2.2
, , , , .
. $\Lambda’(=\Lambda e\downarrow)$ $\Lambda’$ $\Lambda$
.
$e^{l}k=k^{;}$ , $e^{\alpha(l)}\omega=\omega^{i}$ . (2.28)
$\alpha(l)$ , $\omega$
, $l$ . \mbox{\boldmath $\gamma$}-
$u^{<}(k, \omega)=e^{c}(l)u^{J}(k’’,\omega)$ , $f^{<}(k,\omega)=e^{C(\iota)(}-\alpha l)f’(k’,\omega’)$ (2.29)





8 $k_{i^{j_{ij(}}}k,$ $p$) $=kjJ_{ij(k,=}p$) $0$ .
$9\mathrm{N}\mathrm{a}\mathrm{v}\mathrm{i}\mathrm{e}\mathrm{r}$-Stokes $d^{d}pd\omega$ $\mathrm{e}^{-\alpha-dl}$ . $\delta(k)$
$k^{-d}$
, $\delta(\omega)$ $\omega^{-1}$ .
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.$\delta D(k)$ $k\ll\Lambda$ , $y+2>0$
1 , $y=-2$ . , $y>-2$
. $y<-2$ ,
, . $y=-2$ ,
, .
, (FNS 1977, 1998).
$y>-2$ .
221
$y>-2$ , $karrow \mathrm{O}$ $0$ .
, $karrow \mathrm{O}$ $D$









$(\epsilon/3\overline{A}_{d})^{1/2}$ for $\epsilon>0$ ,
(2.38)
$0$ for $\epsilon<0$





$z_{*}=2$ , $c_{*}=(3+(d+y)/2)l$ (2.40)
, $y=-2$ , (irrelevant opera-
$\mathrm{t}\mathrm{o}\mathrm{r})$ .
$Q(k, \omega)=e-d\mathrm{t}_{-}\alpha Q2\mathrm{c}(k’,\omega);$ (2.41)
, $\omega$ , $E(k)=s_{d}(k)Q(k)=Adkd-1Q(k)$
$E(k)=e-ylE(k’)\propto k1-\epsilon$ (2.42)





$z_{*}=2- \frac{\epsilon}{3}$ , $c_{*}=(d+1)l$ (2.43)
, $\lambda(l)=\lambda_{0}e^{3\alpha/}2+(y-d-2)l/2=\lambda_{0}$ (marginal operator)
, $\overline{\lambda}^{2}=$
$(\lambda^{2}D/\nu^{3})=\epsilon\Lambda^{\epsilon}/(3\overline{A}_{d})$ $\epsilon\ll 1$ , $\overline{\lambda}$ $\iota_{J^{\mathrm{a}}}\text{ }?\mathrm{R}\text{ }\ovalbox{\tt\small REJECT}$ ( 4) $O(\overline{\lambda}^{2})$
, 8 $1$ . $d=3$
$\epsilon=y+4-d=y+1$ $y=-1+0$ .
(2.42)
$E(k)=e^{\text{\’{o}} l/}E3-2\langle d-y$) $l/3(k’)\propto k1-2\xi/3$ (2.44)
. Kolmogorov $y=d(\epsilon=4)$ :
$E(k)\propto k^{-6/3}$ , for $\epsilon=4(y=d)$ . (2.45)
$z=2-\epsilon/3=2/3$ . , $\epsilon=4$ (2.43)




(Yakhot&Orszag 1986, DeDominicis&Martin 1979). , .
3 \langle
,
(Kraichnan 1982) . )
$E(k)\propto k^{s}$ , $k_{0}\ll k\ll k$ (3.46)
. $I_{n}=\{k|2^{n-1}k0\leq k<2^{n}k_{0}\}$ ( $n$ )
$u_{k^{\sim}}$
$l_{k}\simeq 1/k$ . $l_{k}$
$\nu_{k}\simeq u_{k}l_{k}$ , $u_{k}\simeq(kE(k))^{1/2}$
$\nu_{k}\simeq[E(k)/k]^{1/2}$ . (3.46)
$\nu_{k}\simeq k^{(s-1)}/2$ . (3.47)
$I_{n}$ , $k$ k $k$
$\nu_{e}(k)$ $\int_{k}^{k_{\mathrm{c}}}\nu_{\mathrm{p}}d_{P}/p$ 11. $s>1$ $p\simeq k_{c}$ (
$k$ ) , $\nu_{e}(k)$ ( $k$









$v_{k}$ $k^{2}E(k)\simeq Ep(k)$ . (3.49)
10 5, 6, 7 , $k/\Lambda\ll 1$ 4 3
$\mathrm{A}\mathrm{a}$ .




. - , $s<1$ , $I_{1}$
(local cascade) . $\tau_{1}\sim(\nu_{k_{1}}k_{1}^{2})^{-1}$ . $E_{F}$
$I_{1}$ , $\tau_{2}(<$
$\tau_{1})$ . $|J\triangleright$ . $k$ $k_{0}$ $k$
$\nu_{k}k^{2}[kE(k)]\simeq\int_{k_{0}}^{k}EF(p)dp$ (3.51)
. (3.47.) ,
$E_{F}(k)\propto k^{3}(_{S+}1)/2$ . (3.52)
$s=-5/3$ , $E_{F}(k)\propto k^{-1}$ . , $E_{F}(k)$ (3.51) $\ln(k/k_{0})$
$E(k)\propto k^{-5/3}[\iota \mathrm{n}(k/k\mathrm{o})]^{2/3}$ (3.53)
.
$y>-2$ . $\epsilon=y+4-d$ , $d=3$
. (3.48) , (3.50) $s=1-\epsilon$ , $s>1$
$\epsilon<0$ . $\epsilon<0$. ,
. , $k$
$p(\sim>\Lambda\gg k)$ . $y=-2$




(3.48) (3.52) , $s<1$ $\epsilon>0$ . $\epsilon>0$
, , ( )
. ,
$k\ll$ $k<\Lambda\sim$ . $-J\mathrm{s}$ .
( ) , $\epsilon=O(1)$ .
4 Yakhot &Orszag
, \langle $-$ , Yakhot &
Orszag (1986) FNS Kolmogorov $E(k)=K\overline{\chi}k^{-}2/35/3$
$-5/3$ $K$ .
$y>-2$ , (2.20) , $\Lambda’<k<\Lambda$ ,
$k\ll\Lambda$
$\delta\nu(k)\equiv\nu(\Lambda’)-\nu(\Lambda)=-\frac{\lambda_{0}^{2}D_{0}}{\nu^{2}(\Lambda)}\overline{A}_{d}\Lambda-(\epsilon+1)\delta\Lambda$, (4.54)
. $\delta\Lambda=\Lambda-\Lambda’=(e^{\epsilon l}-1)\Lambda/\epsilon$ . $D,$ $\lambda$ . (4.54) $\delta\Lambda$
$\nu(\Lambda)$ $\delta\nu(\Lambda)$ , $\Lambda$
. $\nu(\infty)=0$
$\nu(\Lambda)=(\frac{3\lambda_{0}^{2}D_{0^{\overline{A}}d}}{\epsilon\Lambda^{\epsilon}})^{1/3}$ (4.55)
. $k\ll\Lambda$ , – $karrow\Lambda$ (4.55) . $k$
$\nu(k)$ :
$\nu(k)=(\frac{3D_{\mathit{0}}\overline{A}_{d}}{\epsilon})^{1/3}k^{-\epsilon//34/3}3\simeq\beta\overline{\chi}1k^{-}$, $\beta=(\frac{3D_{0}\overline{A}_{d}}{3\overline{\chi}})^{1/3}$ . (4.56)
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$Q_{ii}(k,\omega)=G_{ia}(k,\omega)Gib(-k, -\omega)\langle fa(k,\omega)f_{b}(-k, -\omega)\rangle$
$= \frac{2(d-1)D_{0}}{\omega^{2}+\nu^{2}(k)k^{4}}k^{-y}$ (4.58)
. $\omega$
$E(k)= \frac{1}{2(2\pi)^{d}}\oint_{-\infty}^{\infty}s_{d}(k)Q_{i}i(k,\omega)\frac{d\omega}{2\pi}=K\overline{\chi}^{2/3-5/3}k$ , (4.59)
$K= \frac{1}{2(2\pi)^{d}}(\frac{4(d-1)3A^{3}D_{0}^{2}d}{3\overline{A}_{d}\overline{\chi}^{2}})^{1/\mathrm{s}}$ (4.60)
. Kolmogorov $K$ $\beta$ ,
$\Pi(k)$ . (1998) ,
$K^{2}=5.2534\beta$ (4.61)
. (4.56), (4.60) 2 , $d=3$
$K=1.113$ , $\beta=0.236$ . (4.62)
$K=1.62\pm 0.17$ (Sreenivasan 1995) . Yakhot &Orszag (1986)
, $k^{-5/3}$ $\epsilon=4$ , Kolmogorov $K=1.617$ $\epsilon=0$
12.
, , $k<<\Lambda$
$karrow\Lambda$ ( ) ,
( $\Pi(k)=\overline{\chi}$ ) Kolmogorov .
,
(Kraichnan $1987\mathrm{a},\mathrm{b}$ , Eyink 1994). ,
. Euler Lagrange $\tau_{k}$ $\sim\overline{\chi}^{-1//3}\mathrm{s}k^{-2}$ Kolmogorov
, 13. 5 Lagrange $T_{k}$
( ) , $k$
$\int_{0}^{k}p^{2}E(p)d_{P}$ ( ) Yakhot&Orszag
(1986) (Gotoh&Kaneda 1988) .
5






$12k\ll\delta\Lambda\ll$ , $\delta\Lambda\ll k\leq$ $karrow$ $K=1.32$ . Navier-Stokes
4 4 , 5 3 (Nakano 1992) .
13 $\lambda=1$ Y&G Euler – .
Navier-Stokes , .
, Lagrange Euler .
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1.





, , Lagrange .
, Euler , sweeping
.
3.
$k\ll\Lambda,$ $\omegaarrow 0$ $P>\Lambda$ . $\epsilon<0(s>1)$ ,
. $\epsilon>0(s<1)$ ,
, $k<\Lambda\sim$ $\text{ }-$ “ ( $-’\mathrm{s}$ )
. ,















. . }$\backslash \backslash \backslash$
. , ’
Fig 6 Domains of the source term $S(x)$ of
. the Poisson equation for the pressure at $\mathcal{R}_{\lambda}=$
$68$ . Red: $S/\sigma_{S}=2.0$ , blue: $S/\sigma_{S}=-1.5$ )
5.





. , Kolmogorov (1941) $n$ $P_{n}$
\Phi n
$P_{n}(\delta u_{1}, \cdots, \delta u_{n})\Pi_{\alpha=}nd1(\delta u_{\alpha})$
$=(\overline{\chi}r)^{n/3}\Phi J\}.(w_{1}, \cdots, wn;r_{1}/r, \cdots, rn/r;\tau 1/\tau_{r}, \cdots,\tau n/\mathcal{T}_{r})\Pi_{\alpha\iota}^{n}dw=\alpha$
’ (5.63)
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